Experimental Details
The linker precursor 4,5-dicyano-2-methoxyimidazole (L1) 1 was synthesized following published procedure. Elemental analysis (C, H, N) was performed on Elementar Vario EL elemental analyzer.
In a sealed tube (Typ A, company: Ace) 0.20 g of (1.3 mmol) 4,5-dicyano-2-methoxyimidazole (L1), 0.06 g of piperazine (0.67 mmol) and Co(NO 3 ) 2 6H 2 O (0.39 g, 1.3 mmol) were solved in DMF (8 mL). The sealed tube was closed and the mixture was heated at 135 °C for 2 days and was then allowed to cool down to room temperature with 5 °C per hour. Afterwards, 1 was formed as the minor product and also a powder material was obtained as the major product that is known as IFP-8. 1 was separated by a sieving technique, wherein it was trapped by a mesh (mesh size: 125 µm) while the powder material (IFP-8) filtered through it. 10 m
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Scheme S1. In situ linker (L3) generation under solvothermal condition (exact connectivity is not shown).
IR spectra
IR spectra were recorded on FT-IR Nexus from Thermo Nicolet in the region of 4000 -400 cm
1
using KBr pellets as basis.
The IR-spectrum of the 1 manifests no stretching bands related to CN in the region of 2230-2240 cm 1 . Instead, the typical broad absorption bands for amides (hydrogen-bonded) are observed between 3500 and 3100 cm 1 and at 1658 and 1548 cm 1 (Fig. S2 ). 
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Single Crystal X-ray Structure Determination of 1
The crystals were embedded in perfluoropolyalkylether oil and mounted on a glass fibre. Intensity data were collected at 150 K using a STOE Imaging Plate Diffraction System IPDS-2 with graphite monochromatized Mo Kα radiation (λ = 0.71073 Å) at 50 kV and 40 mA (180 frames, Δω=1, exposure time per frame: 7 min). The data were corrected by a spherical absorption correction using the program X-Area (Stoe, 2004) as well as for Lorentz and polarisation effects. The structure was resolved with direct methods using SHELXS-97 2 and refined with full-matrix least-squares on F 2 using the program SHELXL-2013/2 3 (Sheldrick, 2013). All non-hydrogen atoms were refined anisotropically.
The atoms N6 and O8 show a high degree of vibrational motion, and attemps to modelling these behaviour to get better displacement parameters were not full successfully. The carbon atom C10 of the methyl group in the coordinated DMF moiety has a high degree of thermal motion, too. Any attempts to refine them in splitted positions were not successful. The hydrogen atoms could not be located from the difference fourier map and their positions must be calculated. The hydrogen atoms of C10 were calculated in their expected positions with the HFIX 137 instruction of SHELXL-97 and refined as riding atoms with U iso (H) = 1.5 U eq (C). The positions of the other hydrogen atoms were calculated with the AutoCN and HSite options of the Program TOPOS. 4 All hydrogen atoms were involved in the refinement, but their coordinates and temperature factors were fixed. Therefore the hydrogen bond parameters in the Table 2 are approximate values. The unit cell contains channels filled with disordered solvent molecules. In spite of several attempts, no chemically reasonable solution could be received for the solvent species in the channels of the crystal material. Very high displacement parameters, high esdimates and partial occupancy due to the disorder make it impossible to determine accurate atomic positions for that molecules. Therefore the contribution of the disordered solvent species S6 was subtracted from the structure factor calculations by the SQUEEZE instruction of PLATON. 5 PLATON/SQUEEZE calculated a solvent-accesible void volume in the unit cell of 4440 A 3 (47.9 % of the total cell volume ), corresponding to 1388 electrons (residual electron density after the last refinement cycle) per unit cell. This number agrees with about 2 molecules of dimethylformamide (2.17x40x16=1388).
CCDC 974537 contains the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif. Table S4 . I -x,-y,z II -y,x,z III y,-x,z IV -x,-y,-z V x,y,-z VI -y,x,-z VII y,-x,-z VIII -x+0.5,-y+0.5,-z+0.5
Structural comparison between H-bonded Zn 14 -MBB network and 1
H-bonded Zn 14 -MBB network belongs to the hexakisoctahedric crystal class (m-3m) within the cubic crystal system 6 wherein 1 belongs to the tetragonal crystal system. The space group of Hbonded Zn 14 -MBB network is Ia-3d (No 230), possessing the highest crystallographic symmetry, 6 wherein 1 crystallized in comparatively low symmetry space group I4/m. Twelve L3 ligands, one oxide ion, two hydroxide ions and four water molecules assemble with fourteen zinc ions to an unprecedented cube-like tetradecanuclear Zn 14 molecular building block. In contrast, the cube-like Co 14 molecular building block consists of twelve L3 ligands, one oxide ion, two hydroxide ions and four DMF molecules. Moreover, three different types of coordination environment are observed around metal centre in each compound. For Zn-cluster, six octahedral for Zn1, six tetrahedral for Zn2 and two distorted trigonal prismatic for Zn3 are noted. 6 In Hbonded Co(II) 14 -MOC network contains six octahedral for Co1, two distorted octahedral for Co2 and eight twofold face-capped tetrahedron for Co3 are observed.
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Theoretical Calculations of Crystal Structure of IFP-8
DFT calculations (PBE functional 7 ) were performed by using the SIESTA program package. 8 The DZP basis set used in the calculations was first tested on the structure of IMOF-3 (later, we named IMOF-3 as IFP-1) solved from single-crystal X-ray data, 9 and showed very good agreement with respect to unit cell parameters (compare a calcd = 17.9119 Å and c calcd = 18.2982 Å vs. a exptl =17.9244 Å and c exptl = 18.4454 Å), bond lengths and angles. Due to the large unit cell sizes, it was sufficient to include only the -point of the Brillouin zone for the evaluation of integrals in the reciprocal space. The structural descriptions are based on IFP-1. 9 The asymmetric unit contains one Co 2+ ion and the bridging ligand L2 (Fig. S7) . The Co 2+ ion is pentacoordinated by donor atoms of three ligands L2 to form a distorted environment with a trigonal-bipyramidal geometry (Fig. S7) . In turn, L2 acts as pentadentate linker that coordinates three Co 2+ ions.
In this arrangement, imidate N4 and O2 and amide O3 reside in equatorial positions and two imidazolate N atoms (N1 and N2) occupy the axial positions (Fig. S7 ). This five-fold coordination leads to a Co 2+ centre with Lewis acid properties. The amide and imidate groups are formed by the in situ partial hydrolysis of cyano groups and enable each ligand L2 to participate in the formation of two five-membered chelate rings. One ring forms by coordinating a Co 2+ ion to the N2 (imidazolate) atom and the O2 (amide) atom. The second chelate ring forms by coordinating a second Co 2+ ion to the N1 (imidazolate) atom and the N4(imidate) atom. The negatively charged O3 (imidate) atom is coordinated to a third Co 2+ ion. The structure of IFP-8 is additionally stabilized by three hydrogen bonds (Fig. S8) , one intramolecular bond between a nitrogen atom of an amide group and an imidate O atom and intermolecular hydrogen bonds between an imidate NH group and an imidazolate N atom, as well as between a nitrogen atom and an oxygen atom of amide groups.
The walls of the hexagonal channel in IFP-8 are essentially constructed by the rigid and planar imidazolate-amide-imidate linker L2. The Co 2+ ions are located almost on the edges of the S12 hexagonal channels. They are bridged by the linkers L2 through coordination with both N imidazolate atoms. The amide and imidate functional groups of the bridging ligand L2 are embedded in the wall of the channel. The imidate group bridges two Co 2+ ions of two channel edges through its N and O atoms. The three different types of hydrogen bonds are all confined to the channel wall as well. The localization of the amide and imidate groups and the hydrogen bonds in the channel walls, and the pentacoordinated Co 2+ ions at the edges of hexagonal channels as well as the methoxy substituents which point into the channels polarize and functionalize the coordination space of this MOF. 
Comparison with other H-bonded Frameworks
The bcu-net of 1 is an example of the one of the two bcu nets which contain contains 14 Co atoms in bcu-net family.
6,10 Moreover, 636 H-bonded frameworks in 674 structures into 78 types of three-dimensional nets were classified. 10c In the H-bonded nets the node connectivity (node degree) ranges from 3-16. Node degrees of 8 as in 1 encompass 184 out of the 636 analyzed frameworks and follow in abundance after the H-bonded networks with node degrees of 6 with 253 cases. The majority of networks with a node degree of 8, that is 79 out of 184, belong to bcu type, as does the Co 14 network 1. After the primitive cubic, bcu type for node degrees of 6 with 210 occurrences, the bcu type for node degrees of 8 is the most abundant one with 79 entries. The most frequent space groups for the 79 bcu nets were P2 1 /c (62.2%), Pbca (11.0%) and Aba2 (3.7%). The maximal space-group symmetry for the 8-nodal degree bcu net is given by Baburin as Im-3m belonging to the Laue class 4/m-32/m and point group m-3m as does the space group I4/m for the Co 14 network 1. 
Powder X-ray Diffraction Data of IFP-8
Powder X-ray diffraction (PXRD) patterns were measured on a Siemens Diffractometer D5005 in Bragg-Brentano reflection geometry. The diffractometer was equipped with a copper tube, a scintillation counter, automatical incident-and diffracted-beam soller slits and a graphite secondary monochromator. The generator was set to 40 kV and 40 mA. All measurements were performed with sample rotation. Data were collected digitally from 3° to 70° 2θ using a step size of 0.02° 2θ and a count time of 4 seconds per step. The simulated powder pattern for IFP-8 was calculated using single-crystal X-ray diffraction data and processed by the free Mercury v1.4.2 program provided by the Cambridge Crystallographic Data Centre. 
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Thermogravimetric Analysis
The TGA measurements were performed in a stationary air atmosphere (no purge) from room temperature up to 850 °C using a Linseis thermal analyzer (Linseis, Germany) working in the vertical mode. The heating rate was 10 °C/min. The samples were placed in cups of aluminium oxide.
The IFP-8 is stable up to 300 °C. After loss of all solvent molecules, the framework begins to decompose. CoO is formed at 650 °C. Upon increasing the temperature the mass increment is due to formation of Co 3 O 4 .
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Fig. S11 TGA curves for IFP-8.
Gas-Sorption Measurement
The sample was connected to the preparation port of the sorption analyzer and degassed under vacuum until the out gassing rate, i.e., the rate of pressure rise in the temporarily closed manifold with the connected sample tube, was less than 2 Torr/min at the specified temperature 200 °C for 24 h. After weighing, the sample tube was then transferred to the analysis port of the sorption analyzer. All used gases (H 2 , He, N 2 , CO 2 , CH 4 ) were of ultra high purity (UHP, grade 5.0, 99.999%) and the STP volumes are given according to the NIST standards (293.15 K, 101.325 kPa). Helium gas was used for the determination of the cold and warm free space of the sample tubes. H 2 and N 2 sorption isotherms were measured at 77 K (liquid nitrogen bath), whereas CO 2 and CH 4 sorption isotherms were measured at 2981 K (passive thermostating) 273.15 K (ice/deionized water bath) and 195.0 K (acetone/dry ice). The heat of adsorption values and the DFT calculations ('N 2 DFT slit pore' model) were done using the ASAP 2020 v3.05 software. 
Heat of adsorption
From two adsorption isotherms acquired at different temperatures T 1 and T 2 , the differential heat of adsorption ∆H ads,diff can be calculated for any amount of adsorbed substance after determining the required relative pressures p 1 and p 2 . A modified form of the Clausius-Clapeyron equation is used (eq (1)) 13 ∆H ads,diff was calculated over the whole adsorption range from the 273 K and 298 K isotherms for CO 2 .
(1) 
Chemical Stability
The chemical stability of IFP-8 was analyzed by suspending samples for 4 days in boiling methanol, benzene and water, conditions that reflect extreme operational parameters of typical industrial chemical processes. After such extensive treatment, IFP-8 maintained its fully crystalline integrity in methanol, benzene and water as confirmed by powder X-ray diffraction patterns (Fig. S14) . 
